The characteristic property of white Gaussian noise (WGN) is derived in S-transformation domain. The results show that the distribution of normalized S-spectrum of WGN follows 2 χ distribution with two degrees of freedom. The conclusion has been confirmed through both theoretical derivations and numerical simulations. Combined with different criteria, an effective signal detection in S-transformation can be realized.
Introduction
THE S-transform(ST) has been well studied since it was proposed by R. G. Stockwell in 1996 [1] and has already found applications in many fields such as geophysics [2] , mechanical systems [3] and medical signal analyses [4] . The signal processing framework in S-transformation domain is under building and more and more ST based methods are proposed. The most contributive works among them were conducted by C. R. Pinnegar who extended the original ST to generalized ST [2] and presented several kinds of useful STs for specific conditions, such as the asymmetric ST [2] , the bi-Gaussian ST [5] and the complex ST [6] . Other outstanding works were concentrated on ST based time-frequency filtering [7] , the side effects of inverse ST [8] , ST based instantaneous frequency estimation [9] and ST based pattern recognition [10, 11] . However, the noise analysis in S-transformation domain, which is the essential problem for signal detection, has not been well studied yet. [11] presented an illuminating idea for noise distribution in a specific generalized ST domain but didn't prove it theoretically. In this paper, the characteristic property of WGN in original ST domain is derived theoretically and the conclusion is further verified by Monte Carlo method. Its application in nonstationary signal detection is also illustrated.
The rest of this paper is organized into as follows: In Section 2, the proposition of WGN distribution followed by its theoretical derivation is given. Section 3 verifies the proposition by Monte Carlo method. In Section 4, the performance of signal detection is illustrated by detecting transient sinusoid signals under the constant-false-alarmrate (CFAR) criterion. Finally, conclusions are drawn in Section 5.
Characteristic Property of WGN in ST Domain

Proposition
The S-transform of a signal ( ) x t is defined by [1] 
where the window function is
And the characteristic and the advantage of ST has been sufficiently described by previous literature [2] [3] [4] [5] [6] . Let 2 ( , )
x S t f be the S-spectrum of ( ) x t and white Gaussian noise 2 ( ) (0, ) n t N σ  ; then the normalized S-spectrum of ( ) n t , 
Similarly, the imaginary part Im[ ( , )]
In Equation (5) and Equation (6) 
Step.2: Derive the expression of the average S-spectrum of ( ) n t , The normalized S-spectrum of ( ) n t can be written as
Re
Since the average S-spectrum of ( ) n t , 
Numerical Simulations
In this section, Monte Carlo methods are used to demonstrate the rationalities of above derivations. The variance of WGN is set to be zero mean and 
Signal Detection in ST Domain
In this section, the task of ST based detector is to provide time-varying information in addition to detecting whether a transient signal is present or absent. We use the concept of frame detection which is similar to the common method in voice activity detection (VAD) and no cumulation operator is used. The time slice of S-spectrum is employed as the frame and the decision function is
H x t n t l H x t s t n t l
where ( ) x t is the observed signal, ( ) s t is the signal to be detected and ( ) n t is WGN at the time t (also t the frame index). Γ is the detection threshold and its value can be calculated as
where the value of γ can be determined by 2 χ distribution table according to the specific false alarm probability FA P and the value of { } 2 ( , ) n E S t f can be estimated under the assumption that the initialization of ( ) x t is the noise only. The detection statistic can be expressed as S t f at the time t . The constant-false-alarm-rate(CFAR) criterion is employed in our detector. The probability of detection D P is used as the performance variable and its value can be numerically expressed as
where k is the time of Monte Carlo realizations, H1 N is the number of the transient signal frames and H1|H1 N is that of the correct detection frames.
In the analysis, a transient sinusoid signal under WGN environment is used to illustrate the performance of signal detection in ST domain. The simulation signal is of 500 data points with 150 points pure noise at the beginning segment and the end segment, respectively. Figure 1 shows an example of frame detection at H1|H1 N . In this simulation, 4 different frames are selected and it is obvious that the frame at 175 t = is the signal frame while others are noise ones. In Figure 2 , the detector performance is shown in terms of D P versus SNR curves according to three different FA P under CFAR criteria. The results show that the proposed detector can achieve reliable detection at the noise level higher than 0dB . Figure 3 depicts the performance comparison of proposed detector with the same frame detector which uses STFT instead of ST. The threshold corresponding to specific FA P of STFT based detector is obtained by Monte Carlo method of 10000 realizations. The superiority of frame detection is to provide time-varying information. Thus in Figure 4 , the initiation time detection result of the transient sinusoid signal is shown under the error tolerance of 1 frame. The simulation result essentially means that this linear time-frequency representation could be potentially used for accurate estimation of the time-varying parameters for nonstationary signals.
Conclusion
In this paper, the characteristic analysis of white Gaussian noise in S transformation domain has been performed. Accurate distribution of WGN has been analytically derived and been further verified through numerical analysis. This result could be useful in signal detection and ST-based signal processing scheme. 
